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Introduction {#sec005}
============

Globally, out-of-hospital cardiac arrest (OHCA) is a major public health problem that affects between 250,000 and 300,000 patients annually, with an average incidence of 55 OHCAs per 100,000 adults and a low (7%) survival rate \[[@pone.0232227.ref001]\]. Due to advances in post-cardiac arrest (CA) management during the past decades, therapeutic hypothermia, called targeted temperature management (TTM), is the standard treatment of choice for CA patients, demonstrating an improvement in mortality and neurologic outcomes \[[@pone.0232227.ref002], [@pone.0232227.ref003]\]. However, despite intensive medical treatments, due to hypoxic damage to the brain and ischemia-reperfusion phenomena leading to a systemic inflammatory response, approximately two-thirds of initially resuscitated patients subsequently die in the hospital \[[@pone.0232227.ref004]\].

Accurate prediction after cardiac arrest is essentially needed to minimize the risk of erroneous prognostication of poor outcome. Withdrawal of life-sustaining therapy (WLST) after return of spontaneous circulation (ROSC) in Korea is legally prohibited, and early outcome prediction is crucial in regard to the proper distribution of limited medical assets. In other words, it is possible to allocate critical care resources by predicting the patient prognosis early.

To date, various scoring models have been suggested for predicting the neurologic outcomes after CA \[[@pone.0232227.ref005]--[@pone.0232227.ref007]\]. In the initial development of estimation models, an OHCA score was suggested in France \[[@pone.0232227.ref005]\]. The model included each parameter that was available upon admission to the intensive care unit (ICU), including initial rhythm, estimated no-flow (time from collapse to the initiation of cardiopulmonary resuscitation (CPR)) and low-flow intervals (time from CPR to the return of spontaneous circulation (ROSC)), blood lactate levels, and creatinine levels. Another model is the C-GRApH score, which consists of known coronary artery disease before OHCA, glucose ≥200 mg/dL, rhythm of arrest not ventricular tachycardia/fibrillation, age \>45, and arterial pH ≤7.0 \[[@pone.0232227.ref007]\]. Lastly, the CAHP score model, which can be calculated using a previously published nomogram, consists of variables independently associated with poor neurologic outcome: age, arrest setting (location of arrest, public vs. home), initial rhythm (shockable or not), duration from the initial collapse to basic life support (BLS) and from BLS to ROSC, pH, and epinephrine dose (0, 1--2, 3) \[[@pone.0232227.ref006]\].

All of these models lack results from initial neurologic examinations (i.e., the Full Outline of UnResponsiveness brainstem reflexes (FOUR_B) score and Glasgow Coma Scale motor (GCS_M) score), which are simple examinations, have already been described as possible prognostic factors, and are mandatory work-ups for unconsciousness, but provide important information in predicting neurologic outcomes \[[@pone.0232227.ref008]--[@pone.0232227.ref010]\].

Recently, each prediction model has been compared with others, improved by adding new factors, or validated based on several other demographic features to overcome worldwide variations \[[@pone.0232227.ref001], [@pone.0232227.ref011]--[@pone.0232227.ref013]\]. However, there is still a shortage of external validation studies, and no definitely established prediction model exists. Hence, the aim of this study is not only to confirm whether the existing models are applicable to the Korean population, but also whether prognostic accuracy increases when the cardiac arrest score is added to the initial neurologic examination.

Materials and methods {#sec006}
=====================

Setting {#sec007}
-------

This study was performed in Seoul St. Mary's Hospital, Catholic University of Korea, which was established in August 1977 and is now designated as a tertiary care medical center with 1,356 beds, including 139 ICU beds. Approximately 70,000 patients visit its emergency centers every year, and OHCA patients are routinely treated with TTM in accordance with guideline recommendations \[[@pone.0232227.ref014], [@pone.0232227.ref015]\] based on usual cerebral performance category (CPC) scores. Briefly, TTM at 33°C was induced using an endovascular cooling device (Thermoguard, ZOLL Medical Corporation, Chelmsford, MA, USA) or ArticSun (Bard Medical, Louisville, CO, USA) and maintained for at least 24 h. After the maintenance phase, rewarming to 37°C was performed at a rate of 0.25°C/h. Sedatives and neuromuscular blocking agents were routinely administered to control shivering before the induction of TTM. Percutaneous coronary intervention was available around the clock with a fast track protocol.

Ethics {#sec008}
------

Our study protocol upheld the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the Institutional Review Board of St. Mary's Hospital. Informed consent was not required due to the retrospective nature of this study. We completely anonymized all data before accessing them. We accessed all samples between 2009 and 2017. All samples were sourced from Seoul St. Mary's Hospital.

Study population, data collection and outcome measure {#sec009}
-----------------------------------------------------

A total of 311 OHCA patients treated with TTM in the intensive care unit between 2009 and 2017 were included in this study.

The laboratory data (levels of lactate, creatinine, glucose, pH, bicarbonate, sodium, potassium, etc.) were collected, and results of the initial neurologic examinations (FOUR_B and GCS_M), performed immediately after ROSC and before applying TTM, sedative, and muscle relaxant on the first day of admission, were obtained from the clinical record. Resuscitation data (initial rhythm, location of arrest, no-flow (time from collapse to initiation of CPR)/low-flow intervals (time from CPR to ROSC), injected epinephrine dose and times, and whether bystander CPR was conducted) were obtained from the situation reports of paramedics and clinical CPR records in the hospitals (if CPR was continued or rearrest occurred after arrival at the hospital). Sociodemographic data, medical histories, and comorbidities were collected from existing medical records or family/relative interviews.

We calculated three scoring models (OHCA, C-GRApH, and CAHP) related to survival with good neurologic recovery in accordance with the original publications \[[@pone.0232227.ref005]--[@pone.0232227.ref007]\]. In addition, results from the initial neurologic examinations (FOUR_B and GCS_M), which were possible prognostic factors, were added to the existing models with the expectation of a better prognosis. The primary outcome was neurologic outcome at the time of hospital discharge according to the 5 levels of the CPC scale (1--2 as good, 3--5 as poor).

Statistical analysis {#sec010}
--------------------

Normality tests were performed for continuous variables, and continuous variables are presented as means with standard deviations or as median values with interquartile ranges, as appropriate. Categorical variables are presented as frequencies and percentages. For patient characteristics and comparisons between groups, we used Student's t-test and the Mann-Whitney U test for continuous variables and Fisher's exact test and the Chi-squared test for categorical variables.

We determined predictive performance using receiving operating characteristic (ROC) curves set up with logistic regression models to assess and compare the equality of each area under the curve (AUC) using the Delong test. First, we determined the AUC for the OHCA, C-GRApH, and CAHP scores using the ROC curves (i.e., the area under the receiver operating characteristic curve (AUROC)). Then, to test the superiority of the addition of the FOUR_B and GCS_M scores compared with the OHCA, C-GRApH, and CAHP scores alone, the AUCs in combination with the FOUR_B and GCS_M scores were calculated and compared to those with the OHCA, C-GRApH, and CAHP scores. Statistical analyses were performed using SPSS 21.0 (Chicago, IL, USA) and MedCalc 15.2.2 (MedCalc Software, Mariakerke, Belgium). P values ≤ 0.05 were considered statistically significant. The Youden Index was used to determine the optimal cutoff point for poor neurologic outcome.

Results {#sec011}
=======

Baseline demographic characteristics {#sec012}
------------------------------------

A total of 311 surviving CA patients treated with TTM between 2009 and 2017 were recruited for this retrospective study. Of these, 99 (31.8%) patients had a good neurologic outcome, and 212 patients had a poor neurologic outcome.

Baseline characteristics for patients stratified according to the CPC definition (CPC 1 and 2: good; CPC 3--5: poor) are shown in [Table 1](#pone.0232227.t001){ref-type="table"}. Patients in the poor neurologic outcome group were older (median 48 vs. 58 years, p \< 0.001) and had a higher presence of diabetes (27.8% vs. 9.1%, p \< 0.001). However, the initial glucose levels did not differ between the two groups in this study. Resuscitation-related factors, such as arrest outside of the home, witnessed arrest, initial shockable rhythm (i.e., ventricular tachycardia and ventricular fibrillation), cardiac causation and short anoxic time (no flow and low flow) were more likely to be followed by a good neurologic outcome. Lactate and creatinine levels were higher in the poor outcome group, and the serum pH level was lower in the poor outcome group.

10.1371/journal.pone.0232227.t001

###### Demographic characteristics of subjects according to neurologic outcome at hospital discharge.

![](pone.0232227.t001){#pone.0232227.t001g}

                                     Good N = 99            Poor N = 212           p
  ---------------------------------- ---------------------- ---------------------- ----------
  Age, median (IQR)                  48 (39--61)            58 (46--72)            \< 0.001
  Sex, male                          75 (75.8)              145 (68.4)             0.228
  Past History                                                                     
   HTN                               21 (21.2)              74 (34.9)              0.017
   DM                                9 (9.1)                59 (27.8)              \< 0.001
   CAD                               15 (15.2)              22 (10.4)              0.260
  Arrest setting, home (%)           37 (37.4)              127 (59.9)             \< 0.001
  Witnessed arrest, No. (%)          83 (83.8)              132 (62.3)             \< 0.001
  Bystander CPR, No. (%)             61 (61.6)              115 (54.2)             0.269
  Shockable rhythm, No. (%)          71 (71.7)              43 (20.3)              \< 0.001
  Cardiac cause of arrest, No. (%)   90 (90.9)              113 (53.3)             \< 0.001
  Anoxic time                                                                      
   No flow, min, median (IQR)        3.5 (0--6.0)           5.0 (1--12.3)          0.017
   Low flow, min, median (IQR)       14.5 (9.0--23.0)       28.0 (20.0--37.3)      \< 0.001
  Lactate, mmol/L                    6.6 (3.5--11.5)        11.4 (7.0--14.9)       \< 0.001
  Creatinine, mg/dl                  1.09 (0.94--1.30)      1.30 (1.03--1.8)       \< 0.001
  Glucose, mg/dl                     236.5 (185.3--285.5)   281.5 (196.5--348.5)   0.004
  pH                                 7.25 (7.13--7.33)      6.99 (6.85--7.18)      \< 0.001
  Epinephrine (%)                                                                  \< 0.001
   0mg                               50 (56.8)              12 (6.9)               
   1--2 mg                           16 (18.2)              53 (30.5)              
   ≥ 3 mg                            22 (25.0)              109 (62.6)             

Variables are expressed as median (interquartile range) or n (%).

IQR, interquartile range; HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; CPR, cardiopulmonary resuscitation.

External validation of existing prognostic scoring models and newly identified neurologic outcome-related factors {#sec013}
-----------------------------------------------------------------------------------------------------------------

First, two groups were classified as good and poor according to the neurologic prognosis by applying the existing scoring models (OHCA, C-GRApH, and CAHP) following the guidelines of the original publications. The OHCA, C-GRApH and CAHP scores were 22.9 (95% confidence interval (CI): 11.5--34.3), 2.0 (95% CI: 1.0--2.0), and 129 (95% CI: 92.5--160), respectively, in the good neurologic outcome group and 46.1 (95% CI: 35.9--56.1), 3.0 (95% CI: 2.0--4.0) and 206 (95% CI: 171.3--243.8), respectively, in the poor neurologic outcome group ([Table 2](#pone.0232227.t002){ref-type="table"}). The AUROC value of each model was found to be 0.844 (95% CI: 0.798--0.884), 0.779 (95% CI: 0.728--0.824) and 0.872 (95% CI: 0.830--0.907), respectively, in our cohort ([Table 3](#pone.0232227.t003){ref-type="table"}). [Table 4](#pone.0232227.t004){ref-type="table"} shows the sensitivity, specificity, positive predictive value, and negative predictive value of each single test. The cutoff values of the OHCA, C-GRApH and CAHP scores were 30.91 (sensitivity 84.6%, specificity 70.8%), 2 (sensitivity 68.6%, specificity 76.8%), and 167 (sensitivity 78.3%, specificity 81.8%), respectively, for predicting poor neurologic outcome.

10.1371/journal.pone.0232227.t002

###### Neurologic examination and prediction scores for predicting poor neurologic outcome at hospital discharge.

![](pone.0232227.t002){#pone.0232227.t002g}

                  Good N = 99         Poor N = 212         p
  --------------- ------------------- -------------------- ----------
  OHCA score      22.9 (11.5--34.3)   46.1 (35.9--56.1)    \< 0.001
  C-GRApH score   2.0 (1.0--2.0)      3.0 (2.0--4.0)       \< 0.001
  CAHP score      129 (92.5--160)     206 (171.3--243.8)   \< 0.001
  FOUR_B                                                   \< 0.001
   FOUR_B = 0,1   24 (24.7)           170 (81.0)           
   FOUR_B = 2     19 (19.6)           23 (11.0)            
   FOUR_B = 4     54 (55.7)           17 (8.1)             
  GCS_M                                                    \< 0.001
   GCS_M = 1      44 (44.4)           196 (93.3)           
   GCS_M\>1       55 (55.6)           14 (6.7)             

FOUR_B, Full Outline of UnResponsiveness Brainstem reflexes; GCS_M, Glasgow Coma Scale motor score.

10.1371/journal.pone.0232227.t003

###### AUROC values for neurologic examination and prediction scores to predict poor neurologic outcome at hospital discharge.

![](pone.0232227.t003){#pone.0232227.t003g}

                  AUROC (95% CI)
  --------------- ----------------------
  FOUR_B          0.804 (0.755--0.847)
  GCS_M           0.744 (0.692--0.792)
  OHCA score      0.844 (0.798--0.884)
  C-GRApH score   0.779 (0.728--0.824)
  CAHP score      0.881 (0.841--0.922)

AUROC, area under receiver operating characteristic curve; CI, confidence interval; FOUR_B, Full Outline of UnResponsiveness Brainstem reflexes; GCS_M, Glasgow Coma Scale motor score.

10.1371/journal.pone.0232227.t004

###### Sensitivity, specificity, PPV, NPV for predicting neurologic outcome at hospital discharge.

![](pone.0232227.t004){#pone.0232227.t004g}

                       Sensitivity (95% CI)   Specificity (95% CI)   PPV (95% CI)   NPV (95% CI)
  -------------------- ---------------------- ---------------------- -------------- --------------
  FOUR_B               81.0                   75.3                   87.6           64.6
   \> 1                (75.0--86.0)           (65.5--83.5)           (82.2--91.9)   (55.0--73.4)
  GCS_M                93.3                   55.6                   81.7           79.7
   ≤ 1                 (89.1--96.3)           (45.2--65.5)           (76.2--86.4)   (68.2--88.5)
  OHCA score           84.6                   70.8                   85.9           68.7
   \> 30.91 (Youden)   (78.8--89.3)           (60.7--79.7)           (80.2--90.4)   (58.5--77.7)
  C-GRApH score        68.6                   76.8                   86.2           53.5
   \> 2 (Youden)       (61.8--74.8)           (67.2--84.7)           (80.1--91.1)   (44.9--62.0)
  CAHP score           78.3                   81.8                   90.2           63.8
   \> 167              (72.1--83.7)           (72.8--88.9)           (85.0--94.1)   (54.8--72.1)

Variables are expressed as median (interquartile range) or n (%).

PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval; FOUR_B, Full Outline of UnResponsiveness Brainstem reflexes; GCS_M, Glasgow Coma Scale motor score.

In the univariate analysis, the FOUR_B and GCS_M scores were also identified as significant indices of neurologic outcome-related factors (both P\<0.001). To validate these factors, patients were classified into 3 subgroups based on the FOUR_B score and 2 subgroups based on the GCS_M score. Based on the FOUR_B scores, with 4 candidates (2 each in the good and poor groups) excluded due to a lack of neurologic examination records, the remaining 307 patients of the 311 surviving patients were categorized into FOUR_B = 0--1, FOUR_B = 2 and FOUR_B = 4 subgroups. Based on the GCS_M scores, with 2 candidates with poor neurologic outcomes excluded due to a lack of records, the patients underwent a subgroup analysis by GCS_M = 1 and GCS_M \> 1 (all P\<0.001). As a result of applying these factors to the AUROCs, values of 0.804 (95% CI: 0.755--0.847) and 0.744 (95% CI: 0.692--0.792) were derived from the FOUR_B and GCS_M models, respectively, as shown in Tables [2](#pone.0232227.t002){ref-type="table"} and [3](#pone.0232227.t003){ref-type="table"}.

Enhanced prediction accuracy by adding FOUR_B and/or GCS_M scores to the existing scoring models {#sec014}
------------------------------------------------------------------------------------------------

To verify that the prognostic predictive power increased by adding FOUR_B and GCS_M scores to the existing models, we used the AUROC values. Compared with using the OHCA score alone (AUROC: 0.844; 95% CI: 0.798--0.884), the OHCA score with FOUR_B (AUROC: 0.899; 95% CI: 0.858--0.931), OHCA score with GCS_M (AUROC: 0.880; 95% CI: 0.837--0.915), and OHCA score with FOUR_B and GCS_M (AUROC: 0.911; 95% CI: 0.873--0.941) models showed gradual improvements. The AUROC values were not significantly different for the C-GRApH score (AUROC: 0.779; 95% CI: 0.728--0.824), CAHP score (AUROC: 0.872, 95% CI: 0.830--0.907), C-GRApH score with FOUR_B (AUROC: 0.877; 95% CI: 0.835--0.912), CAHP score with FOUR_B (AUROC 0.901, 95% CI 0.862--0.932), C-GRApH score with GCS_M (AUROC: 0.869; 95% CI: 0.826--0.905), CAHP score with GCS_M (AUROC 0.897, 95% CI 0.858--0.929), C-GRApH score with FOUR_B and GCS_M (AUROC: 0.906; 95% CI: 0.868--0.936), or CAHP score with FOUR_B and GCS_M (AUROC 0.913, 95% CI 0.875--0.942) (Figs [1](#pone.0232227.g001){ref-type="fig"}--[3](#pone.0232227.g003){ref-type="fig"}).

![Prognostic value of OHCA score for the prediction of poor neurologic outcome after CA.\
\[[@pone.0232227.ref001]\] OHCA score (AUC 0.844, 95% CI 0.798--0.884); \[[@pone.0232227.ref002]\] OHCA score with FOUR_B (AUC 0.899, 95% CI 0.858--0.931); \[[@pone.0232227.ref003]\] OHCA score with GCS_M (AUC 0.880, 95% CI 0.837--0.915); \[[@pone.0232227.ref004]\] OHCA score with FOUR_B and GCS_M (AUC 0.911, 95% CI 0.873--0.941).](pone.0232227.g001){#pone.0232227.g001}

![Prognostic value of C-GRApH score for the prediction of poor neurologic outcome after CA.\
\[[@pone.0232227.ref001]\] C-GRApH score (AUC 0.779, 95% CI 0.728--0.824); \[[@pone.0232227.ref002]\] C-GRApH score with FOUR_B (AUC 0.877, 95% CI 0.835--0.912); \[[@pone.0232227.ref003]\] C-GRApH score with GCS_M (AUC 0.869, 95% CI 0.826--0.905); \[[@pone.0232227.ref004]\] C-GRApH score with FOUR_B and GCS_M (AUC 0.906, 95% CI 0.868--0.936).](pone.0232227.g002){#pone.0232227.g002}

![Prognostic value of CAHP score for the prediction of poor neurologic outcome after CA.\
\[[@pone.0232227.ref001]\] CAHP score (AUC 0.872, 95% CI 0.830--0.907); \[[@pone.0232227.ref002]\] CAHP score with FOUR_B (AUC 0.901, 95% CI 0.862--0.932); \[[@pone.0232227.ref003]\] CAHP score with GCS_M (AUC 0.897, 95% CI 0.858--0.929); \[[@pone.0232227.ref004]\] CAHP score with FOUR_B and GCS_M (AUC 0.913, 95% CI 0.875--0.942).](pone.0232227.g003){#pone.0232227.g003}

Discussion {#sec015}
==========

Main findings {#sec016}
-------------

In this retrospective study, the OHCA, C-GRApH, and CAHP scores shown in the Korean population were all similar to those in the original publications by using AUROC. Additionally, newly identified neurologic outcome-related factors (FOUR_B and GCS_M scores) were found to be significant variables in neurologic outcome prediction. By adding these variables to the original models, the accuracy of the neurologic outcome prediction was further enhanced. Of those, the AUROC (0.913, 95% CI 0.875--0.942) was the highest when the CAHP score, FOUR_B and GCS_M were combined.

Importance of the prediction of neurologic prognoses and limitations of the existing models {#sec017}
-------------------------------------------------------------------------------------------

The neurologic prognosis of post-CA patients is a concern worldwide. Since WLST is limited in Korea, the random removal of tracheal intubation, vasopressors and/or inotropes), and continuous renal replacement therapy performed in patients with hypoxic brain damage after CA is prohibited by law. As a result, most patients are shifted to conservative treatment centers if recovery is considered to be difficult. Thus, early assessment of the neurologic prognosis of patients has important implications, not only for patients from the perspective of dignity of life, but also for their families and our society to reduce the burden of continued economic costs.

One of the fatal drawbacks of the OHCA score is anoxic time-related factors, such as no-flow and low-flow intervals. These are known to be the main hurdle, not only because they are difficult to calculate without witnesses (if a witness does not exist, the estimates are categorical), but also because an additional single minute could aggravate the prognosis by 7--10% even though a logarithmic scale is applied \[[@pone.0232227.ref016]\]. Furthermore, the accuracy related to estimates of resuscitation delays is CAHP's pre-acknowledged limitation \[[@pone.0232227.ref006]\]. Despite this limitation, many researchers do not exclude time-related factors even if they accept the limitations, and reducing this time is the basis of CPR public education \[[@pone.0232227.ref006], [@pone.0232227.ref017]\]. In the results of this study, as shown in [Table 1](#pone.0232227.t001){ref-type="table"}, all of the anoxic time-related factors (no flow and low flow) showed statistical significance with a p value \< 0.001. Among the variables included in the CAHP score, the patients were older and arrest at home was more common in the poor neurologic outcome group. According to BK Lee et al., age was not associated with in-hospital mortality in a setting where WLST was not performed, but further research on this is needed \[[@pone.0232227.ref018]\]. It also remains unclear whether the criteria regarding glucose levels should be regarded as simply the presence/absence of diabetes mellitus or should be classified based on specific glucose levels \[[@pone.0232227.ref019]\].

Although each prediction model has some limitations, we applied these models to our single-centered cohort, and the AUROC-based prediction values were in line with previous validation studies, as shown in [Table 3](#pone.0232227.t003){ref-type="table"}.

Newly identified factors related to the initial neurologic test and its application to the existing model {#sec018}
---------------------------------------------------------------------------------------------------------

To improve the accuracy of neurologic outcome prediction and to account for each of the limitations, we can add several other important factors related to neurologic evaluations and reduce or ultimately control the weight of each factor.

First, the GCS score was selected as one of the main predictive factors. Although it consists of 3 factors (eye, verbal and motor responses), the motor response was selected because the other two elements cannot be distinguished in CA patients who are usually intubated in a coma state \[[@pone.0232227.ref020]\]. Second, the brainstem response of the FOUR score was assessed. According to Wijdicks and colleagues, the FOUR score consists of four components (eye, motor, brainstem, and respiration), and each component has a maximal score of 4 \[[@pone.0232227.ref021]\]. During CA, eye, motor, and respiration cannot be fully assessed or show no differences; however, brainstem reflexes that control basic functions such as breathing, swallowing, heart rate, blood pressure, consciousness, and whether one is awake or asleep can be somewhat distinguishable by B0, 1, 2 and 4 (if B3 is observed, the patient is not an appropriate candidate for TTM).

Both neurologic grading scales have been used to assess patients with impaired levels of consciousness and as mandatory exams for mental changes in patients, and these tests can be performed in a very short amount of time with a simple bedside test. Although the GCS_M score and FOUR score tend to overlap, due to the limitations in normal responses in CA patients, these grading scales are not identical. While the three prognostic prediction models presented above can predict the neurologic prognosis using indirect factors resulting from hypoxia damage-related metabolic changes in the body, recent studies have tended to estimate the neurologic outcome using brain imaging modalities such as computed tomography (CT) and magnetic resonance imaging, which are directly related to hypoxic injury in the brain. Early brain damage is evaluated by the gray matter to white matter attenuation ratio on head CT, which can distinguish the severity of brain edema \[[@pone.0232227.ref008]\]. However, consensus has not yet been established on the appropriate time for CT to be taken, for example, immediately after ROSC, to reflect an initial injury of the brain \[[@pone.0232227.ref022]--[@pone.0232227.ref024]\]. Recent trends related to imaging modalities have suggested that factors related to neurologic tests should be included to enhance prediction accuracy, as the existing models lack important information directly related to brain damage.

The significance of GCS has already been demonstrated in pediatric patients, and articles on the association between the FOUR score and prognostic prediction have recently been published \[[@pone.0232227.ref008]--[@pone.0232227.ref010]\]. In this study, newly identified factors related to the initial neurologic test, i.e., FOUR_B and GCS_M scores, were added to OHCA, C-GRApH, and CAHP scores that were externally validated using AUROC. With the OHCA score, the AUROC significantly increased from 0.844 (95% CI: 0.798--0.884) to 0.911 (95% CI: 0.873--0.941). The results were similarly increased from 0.779 (95% CI: 0.728--0.824) to 0.906 (95% CI: 0.868--0.936) for the C-GRApH score and from 0.872 (95% CI 0.830--0.907) to 0.913 (95% CI 0.875--0.942) for the CAHP score.

Clinical meaning of enhanced prediction by adding initial neurologic test on existing scoring models and its limitation {#sec019}
-----------------------------------------------------------------------------------------------------------------------

Prognostication after cardiac arrest is challenging. Although several tools (such as pupillary and corneal reflexes, absence of the N20 wave of somatosensory evoked potentials, concentration of neuron-specific enolase, electroencephalography and brain diffusion weighted imaging) have been studied, no tool can predict the patient's neurologic outcome with 100% certainty \[[@pone.0232227.ref025], [@pone.0232227.ref026]\]. Moreover, TTM influences the metabolism of sedative drugs and may interfere with an accurate prognostication \[[@pone.0232227.ref027]\]. Nevertheless, accurate prediction after cardiac arrest is essentially needed to minimize the risk of erroneous prognostication of poor outcome.

It is true that the results of this research (AUROC 0.8--0.9) should not be used in WLST, which is the leading cause of death after CA \[[@pone.0232227.ref028]\]. In terms of outcome prediction, early prediction, as well as accurate prediction, is very important. It is possible to allocate critical care resources (early coronary angiogram, extracorporeal membrane oxygenation, etc.) by predicting the patient prognosis early. The outcome prediction tools presented in the guidelines have a high prediction accuracy, but limitations regarding the time--a delay of 3 to 7 days after TTM depending on each protocol--are also obvious. WLST after ROSC in Korea is legally prohibited, and early outcome prediction is crucial in regard to the proper distribution of limited medical assets.

This study has several limitations. First, it is a small-sample, retrospective study conducted at a single institution. Therefore, additional external validation should be performed in various contexts. Second, even though we knew the problems associated with the existing models, an immediate solution was not identified. However, we tried to attenuate the problem by identifying and including new factors, and it is meaningful that this article showed the possibility that accuracy can be increased by including additional significant factors.

Conclusion {#sec020}
==========

The OHCA, C-GRApH and CAHP scores all had good prognostic performance for predicting the neurologic outcome in OHCA patients treated with TTM. By adding new variables associated with the initial neurologic examinations, the prognoses of neurologic outcomes improved compared to the existing scoring models. Of those, the AUROC (0.913, 95% CI 0.875--0.942) was the highest when the CAHP score, FOUR_B and GCS_M were combined. Large, multicenter studies should verify a definite prognostic model in the near future by allocating the appropriate weight for each factor.

Supporting information {#sec021}
======================

###### 

(XLSX)

###### 

Click here for additional data file.

AUC

:   area under the curve

AUROC

:   area under the receiver operating characteristic curve

BLS

:   basic life support

CA

:   cardiac arrest

CI

:   confidence interval

CPC

:   cerebral performance categories

CPR

:   cardiopulmonary resuscitation

CT

:   computed tomography

FOUR_B

:   Full Outline of UnResponsiveness brainstem reflexes score

GCS_M

:   Glasgow Coma Scale motor score

ICU

:   intensive care unit

OHCA

:   out-of-hospital cardiac arrest

ROC

:   receiving operating characteristic

ROSC

:   return of spontaneous circulation

TTM

:   targeted temperature management

WLST

:   withdrawal of life-sustaining therapy

10.1371/journal.pone.0232227.r001

Decision Letter 0

den Uil

Corstiaan

Academic Editor

© 2020 Corstiaan den Uil

2020

Corstiaan den Uil

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

17 Feb 2020

PONE-D-20-01272

Prognostic value of OHCA and C-GRApH scores to predict neurologic outcomes in cardiac arrest patients treated with targeted temperature management

PLOS ONE

Dear Dr. Youn,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.
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To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>
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A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.
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Corstiaan den Uil
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1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.plosone.org/attachments/PLOSOne_formatting_sample_main_body.pdf> and <http://www.plosone.org/attachments/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. In the ethics statement in the manuscript and in the online submission form, please provide additional information about the patient records used in your retrospective study, including: a) whether all data were fully anonymized before you accessed them and b) the date range (month and year) during which patients\' medical records were accessed.

3\. Thank you for stating the following in the Acknowledgments Section of your manuscript:

\"This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education (2018R1D1A1B07047594)\"

We note that you have provided funding information that is not currently declared in your Funding Statement. However, funding information should not appear in the Acknowledgments section or other areas of your manuscript. We will only publish funding information present in the Funding Statement section of the online submission form.

Please remove any funding-related text from the manuscript and let us know how you would like to update your Funding Statement. Currently, your Funding Statement reads as follows:

\"The authors received no specific funding for this work.\"
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Thank you for this interesting manuscript which is an enjoyable reading and might be interesting for the readers of PlosOne.

The manuscript submitted by Youn et al. aims to the prognostic value of OHCA and C-GRApH scores for predicting neurologic outcomes. The authors report results of a retrospective validation of OHCA and C-GRApH score for neurologic outcome at 6 months after CA. And found added FOUR_B or GCS_M scores to the OHCA score and C-GRApH score improved the prediction of poor neurologic outcome (0.84 -\> 0.89, 0.77 -\> 0.88).

Major comments:

1\. All in all, the analysis is well done, the results are comprehensible and offer a good statement, because the analysis appears very clear. However, Fundamentally I have concern about why we need a scoring system that predicting poor prognosis with AUC of 0.8\~0.9. Current guidelines emphasize the need to wait for some time after the return to normothermia to assess the likelihood of poor neurological outcome and minimize false-positive rates (less than 1%). Further discussion will be needed for the clinical application of the authors' scoring system for decision making in early OHCA survivors.

2\. Study population

Authors include 311 adult patients during 8 years without excluding (trauma?). I wonder how many OHCA patients and get ROSC during study period? This is important information to validate scoring system to reduced selection bias.

3\. 6-month CPC score

It is very impressive collect 6-month CPC score all included patients, even though it is retrospective study design. It's interesting to state how to get a 6-month CPC score in Method section.

Minor

\- check the abbreviation again: ex. ROSC in Introduction, AUROC in Method, PPV,NPV in Results, WLST, CRRT, DM etc.

\- booster in Discussion means vasopressor?

Reviewer \#2: Dear Authors, Thanks for your manuscript full of facts. It was interesting to read. The relevance of specific scores after OHCA is an important issue. Clinical examination on admission is also important and to merge these two aspects seems to me original and relevant.

Nevertheless, I think the manuscript could be enhanced by adressing the following comments :

Major comments :

1/ It seems to me that the interesting part of your work is the added value of clinical examination with the scores. Your work should not be presented as a validation of these scores (most already validated elsewhere) but as what had the clinical examination to these scores (Title for example)

2/ You choose to investigate the pronostic value of OHCA and C-GRApH scores. Why did you choose these scores ? OHCA score is an historical but « old » score and has been already externaly validated in many studies in European and US cohorts. C-GRApH score seems to me more « confidential ». A recent other french developed score, the CAHP score, seems to me important and is described in many recent publications.

I suggest that you had the CAHP score at your work. I also suggest that you had a statement to explain why you choose these scores.

3/ It should be clearly stated when were the patients clinically tested. If this work is in the setting of TTM, at which T° where tested the patients ? I understand that it is on day 1, probably on arrival but precisely ? Were the patients under sedation ?\...

Minor comments :

Intro :

-In OHCA score the possible errors due to NF and LF estimation is reduced by the logarithmic transformation. Disadvantage is : you can't compute the score if you do not have a NF (i.e no whitness).

-Aim of the study : should be rewritten (see Major 1/).... « to test the added value of initial clinical examination, on prognostic scores ... »

Math Meth

Setting :

-In this paragraph, you should explain what is your TTM. When and How are your patients cooled ? Which target ? (see Major 3/)

Study population :

-Only state state that « adult OHCA patients admitted to the ICU were included ». (The sentence « There were no exclusion criteria except... » is to complicated)

-Primary outcome : you write that primary outcome was neurologic outcome at 6 months. However all the presented scores tested neurological outcome at hospital discharge. Please align that in the paper.

Results :

-Delete « after eliminating.....due to age requirements, » Only state : « Three hundred and one OHCA adult patients have been included in the study »

-« Old age showed poor neurologic outcome » : it is not exactly what your data show ; you only show that patients with poor neurological outcome are older...

-About Relative and Absolute anoxic time, see under « Table 1 « comments.

-Total anoxic time is not very relevant in the OHCA literature. It could be deleted.

-High lactate level and low pH are NEVER associated with satisfactory neurological outcome... Please correct the sentence.

-« Enhanced prediction accuracy... »

I don't understant what means the first paragraph of this section from « as mentioned above..to ... might be further enhanced ». Delete ?

Discussion :

Main findings : ok

The importance of the prediction.. :

-Why not explain in the introduction the problem of WLST in Korea ? It justifies your work and give light on why you perform it.

-The discussion on age should be rewritten (see above about the misinterpretation of the age in the results)

Conclusion : Agree with.

What is your proposition of the best score combined with cliniacl examination ?

Table 1 :

-Please write clearly what is HTN, DM and CAD...

-Why using Relative and Absolute anoxic time ? Is it NF and LF ? It differs from the Materiel and Methods section. Please align.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: Yes: Bertrand Sauneuf

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Reply to reviewer

Thank you for your kind consideration. I did my best to review the contents as you had recommended. The manuscript has much improved according to reviewer's comments.

Reviewer \#1: Thank you for this interesting manuscript which is an enjoyable reading and might be interesting for the readers of PlosOne.

The manuscript submitted by Youn et al. aims to the prognostic value of OHCA and C-GRApH scores for predicting neurologic outcomes. The authors report results of a retrospective validation of OHCA and C-GRApH score for neurologic outcome at 6 months after CA. And found added FOUR_B or GCS_M scores to the OHCA score and C-GRApH score improved the prediction of poor neurologic outcome (0.84 -\> 0.89, 0.77 -\> 0.88).

Major comments:

1\. All in all, the analysis is well done, the results are comprehensible and offer a good statement, because the analysis appears very clear. However, Fundamentally I have concern about why we need a scoring system that predicting poor prognosis with AUC of 0.8\~0.9. Current guidelines emphasize the need to wait for some time after the return to normothermia to assess the likelihood of poor neurological outcome and minimize false-positive rates (less than 1%). Further discussion will be needed for the clinical application of the authors\' scoring system for decision making in early OHCA survivors.

� Thank you for pointing out the important part. I absolutely agree with your comments. As pointed out, it is true that the results of this research (AUC 0.8-0.9) is insufficient compared to the methods of MRI, EP, EEG suggested by guideline after therapeutic hypothermia. However, as you already know, for patients with post cardiac arrest prognosis prediction is very important part, and early prognosis prediction as well as accuracy are needed. The existing method has high prediction accuracy, but the limitations that are delayed by the method that can be implemented 3-5days after therapeutic hypothermia is implemented are clear. In addition, especially in Korea's medical environment, withdrawal after ROSC is not only impossible due to ethical problem, but early prognosis prediction will be a very important part in proper distribution of limited medical assets. We added following to the discussion.

� Prognostication after cardiac arrest is challenging. Although several tools (such as pupillary and corneal reflexes, absence of the N20 wave of somatosensory evoked potentials, concentration of neuron-specific enolase, electroencephalography and brain diffusion weighted imaging) have been studied, no tool can predict the patient\'s neurologic outcome with 100% certainty (25, 26). Moreover, TTM influences the metabolism of sedative drugs and may interfere with an accurate prognostication (27). Nevertheless, accurate prediction after cardiac arrest is essentially needed to minimize the risk of erroneous prognostication of poor outcome.

It is true that the results of this research (AUROC 0.8-0.9) should not be used in WLST, which is the leading cause of death after CA (28). In terms of outcome prediction, early prediction, as well as accurate prediction, is very important. It is possible to allocate critical care resources (early coronary angiogram, extracorporeal membrane oxygenation, etc.) by predicting the patient prognosis early. The outcome prediction tools presented in the guidelines have a high prediction accuracy, but limitations regarding the time -- a delay of 3 to 7 days after TTM depending on each protocol -- are also obvious. WLST after ROSC in Korea is legally prohibited, and early outcome prediction is crucial in regard to the proper distribution of limited medical assets.

2\. Study population

Authors include 311 adult patients during 8 years without excluding (trauma?). I wonder how many OHCA patients and get ROSC during study period? This is important information to validate scoring system to reduced selection bias.

� Thank you for your comments. I absolutely agree with your comment. Followings are the exclusion criteria for TTM after cardiac arrest in our hospital which was published before.

All unconscious adult patients who were resuscitated from nontraumatic OHCA and brought to the emergency department were eligible for the TTM. Patients were excluded from the TTM according to the following criteria: evidence of significant active bleeding, any intracranial hemorrhage, hemodynamic instability unresponsive to volume resuscitation and vasopressor treatment, severe dysrhythmia unresponsive to antiarrhythmic therapy, known terminal illness, poor prearrest neurologic status, and those with a ''do not attempt resuscitation'' preference. Ultimately, deciding whether a TH was initiated was up to the discretion of the treating physicians.

\[REF\] Youn CS, Kim SH, Oh SH, Kim YM, Kim HJ, Park KN. Successful implementation of comprehensive packages of postcardiac arrest care after Out-of-hospital cardiac arrest: a single institution experience in South Korea. Ther Hypothermia Temp Manag 2013;3:17--23.

The following table shows number of patients with OHCA, ROSC and treated with TTM during study period.

2009 -- 2017

(study period of current study) 2009.1 -- 2010.09

(study period of reference)

OHCA 1280 168

ROSC 572 (44.7%) 76 (45.2%)

TTM 311 (54.4%) 36 (47.4%)

The proportion of patients with ROSC is similar between two periods. However, the proportion of patients undergoing TTM treatment increased. This may be due to active implementation of ECMO early CAG, etc. Therefore, although this is retrospective study, the authors believe that there is little possibility of selection bias.

3\. 6-month CPC score

It is very impressive collect 6-month CPC score all included patients, even though it is retrospective study design. It\'s interesting to state how to get a 6-month CPC score in Method section.

� Thank you for your comments. Follow-up were performed by reviewing the electronic medical records or face-to-face interviews or telephone interviews by research specialist who is not involved in current study. Since 2015, our hospital has been conducting face-to-face studies to measure the level of cognitive function, depression, and fatigue in patients who have been discharged alive at 6 months after cardiac arrest. CPC scores at 6 months for patients before 2015 were obtained through telephone interviews or reviewing medical records. So, follow-up were performed by reviewing the electronic medical records or face to face interviews or telephone interviews. However, reviewer 2 indicated to change primary outcome to CPC on discharge in order to align with previous papers regarding OHCA score, cGRAPH score and CAHP score. So I change the primary outcome as CPC at discharge. Below is the change in CPC score at discharge and CPC score at 6 months

At discharge At 6 months

CPC 1 (n=90) CPC 1 (n=90)

CPC 2 (n=9) CPC 1 (n=4)

CPC 2 (n=4)

CPC 5 (n=1)

CPC 3 (n=13) CPC 2 (n=2)

CPC 3 (n=7)

CPC 4 (n=1)

CPC 5 (n=3)

CPC 4 (n=60) CPC 3 (n=2)

CPC 4 (n=19)

CPC 5 (n=39)

CPC 5 (n=139) CPC 5 (n=139)

Minor

\- check the abbreviation again: ex. ROSC in Introduction, AUROC in Method, PPV,NPV in Results, WLST, CRRT, DM etc.

� Thank you for pointing out. I corrected.

\- booster in Discussion means vasopressor?

� Thank you for pointing out. I deleted the term "booster' in the manuscript.

Reply to reviewer

Thank you for your kind consideration. I did my best to review the contents as you had recommended. The manuscript has much improved according to reviewer's comments.

Reviewer \#2: Dear Authors, Thanks for your manuscript full of facts. It was interesting to read. The relevance of specific scores after OHCA is an important issue. Clinical examination on admission is also important and to merge these two aspects seems to me original and relevant.

Nevertheless, I think the manuscript could be enhanced by addressing the following comments:

Major comments :

1/ It seems to me that the interesting part of your work is the added value of clinical examination with the scores. Your work should not be presented as a validation of these scores (most already validated elsewhere) but as what had the clinical examination to these scores (Title for example)

� Thank you for pointing it out. I absolutely agree with your comments. I accepted your opinion and changed the title to the following

Title; Prognostic value of OHCA, C-GRApH and CAHP scores with initial neurologic examinations to predict neurologic outcomes in cardiac arrest patients treated with targeted temperature management

2/ You choose to investigate the pronostic value of OHCA and C-GRApH scores. Why did you choose these scores ? OHCA score is an historical but « old » score and has been already externaly validated in many studies in European and US cohorts. C-GRApH score seems to me more « confidential ». A recent other french developed score, the CAHP score, seems to me important and is described in many recent publications.

I suggest that you had the CAHP score at your work. I also suggest that you had a statement to explain why you choose these scores.

� Thanks for suggesting the CAHP score. Not only OHCA and C-GRApH mentioned in this study, but the CAHP score is a meaningful prognostic prediction methods. The purpose of this study was not to validate the cardiac arrest scores, but to verify that prognostic accuracy increases when cardiac arrest score is added to initial neurologic examination. In that sense, the reason for selecting OHCA and C-GRApH score is calculation convenience. CAHP score does not include initial neurologic examination. According to your comment, we added the CAHP score to the text. I corrected the aim of this study as following.

� Hence, the aim of this study is not only to confirm whether the existing models are applicable to the Korean population, but also whether prognostic accuracy increases when the cardiac arrest score is added to the initial neurologic examination.

3/ It should be clearly stated when were the patients clinically tested. If this work is in the setting of TTM, at which T° where tested the patients ? I understand that it is on day 1, probably on arrival but precisely? Were the patients under sedation ?\...

� Thank you for your comments. I agree there were some confusing.

According to our protocol, if a patient transferred by EMT with CPR became ROSC, non-enhanced brain CT is performed prior to applying therapeutic hypothermia to differentiated brain hemorrhage which is major contraindication of hypothermia therapy (exclusion criteria : a. acute hemorrhage evidence, b. usual activity score counting by CPC score(\>3) and mRS(\>3) before collapse.) The neurologic exam was performed immediately after the patient becomes ROSC, initial lab progressed, and subsequent labs were tested at 12hr after, 24hr after, and 48hr after based on the ROSC time. Therefore, all patients were tested immediately after ROSC and before applying TTM, sedative, and muscle relaxant. I added the following in the Method section.

� The laboratory data (levels of lactate, creatinine, glucose, pH, bicarbonate, sodium, potassium, etc.) were collected, and results of the initial neurologic examinations (FOUR_B and GCS_M), performed immediately after ROSC and before applying TTM, sedative, and muscle relaxant on the first day of admission, were obtained from the clinical record.

Minor comments :

Intro :

-In OHCA score the possible errors due to NF and LF estimation is reduced by the logarithmic transformation. Disadvantage is : you can\'t compute the score if you do not have a NF (i.e no whitness).

� Thank you for your comments. I deleted the following sentence in the Introduction section.

� However, the model was limited due to both the estimation difficulty of the no-flow and low-flow intervals, such that small errors resulted in very large differences in estimation, and the small sample sizes and selected cohorts.

-Aim of the study : should be rewritten (see Major 1/).... « to test the added value of initial clinical examination, on prognostic scores ... »

� Thank you for your comments. I changed the aim of the study as follows.

Hence, the aim of this study is not only to confirm whether the existing models are applicable to the Korean population, but also whether prognostic accuracy increases when the cardiac arrest score is added to the initial neurologic examination.

Math Meth

Setting :

-In this paragraph, you should explain what is your TTM. When and How are your patients cooled ? Which target ? (see Major 3/)

� Thank you for your comment. I added the following in the Method section.

. Briefly, TTM at 33°C was induced using an endovascular cooling device (Thermoguard, ZOLL Medical Corporation, Chelmsford, MA, USA) or ArticSun (Bard Medical, Louisville, CO, USA) and maintained for at least 24 h. After the maintenance phase, rewarming to 37°C was performed at a rate of 0.25°C/h. Sedatives and neuromuscular blocking agents were routinely administered to control shivering before the induction of TTM.

Study population :

-Only state state that « adult OHCA patients admitted to the ICU were included ». (The sentence « There were no exclusion criteria except... » is to complicated)

� Thank you for your comment. I agree there was some confusion. I changed the sentence as follow.

A total of 311 OHCA patients treated with TTM in the intensive care unit between 2009 and 2017 were included in this study.

-Primary outcome : you write that primary outcome was neurologic outcome at 6 months. However all the presented scores tested neurological outcome at hospital discharge. Please align that in the paper.

� Thank you for your comments. As you mentioned, the primary outcome was changed to a neurological outcome at hospital discharge to match the original publication. Below is the change in CPC score at discharge and CPC score at 6 months

At discharge At 6 months

CPC 1 (n=90) CPC 1 (n=90)

CPC 2 (n=9) CPC 1 (n=4)

CPC 2 (n=4)

CPC 5 (n=1)

CPC 3 (n=13) CPC 2 (n=2)

CPC 3 (n=7)

CPC 4 (n=1)

CPC 5 (n=3)

CPC 4 (n=60) CPC 3 (n=2)

CPC 4 (n=19)

CPC 5 (n=39)

CPC 5 (n=139) CPC 5 (n=139)

Results :

-Delete « after eliminating.....due to age requirements, » Only state : « Three hundred and one OHCA adult patients have been included in the study »

� Thank you for your comment. According to your comment, we changed the sentence as follow.

A total of 311 surviving CA patients treated with TTM between 2009 and 2017 were recruited for this retrospective study.

-« Old age showed poor neurologic outcome » : it is not exactly what your data show ; you only show that patients with poor neurological outcome are older...

� Thank you for your comment. According to your comment, we changed the sentence as follow.

Patients in the poor neurologic outcome group were older (median 48 vs. 58 years, p \< 0.001) and had a higher presence of diabetes (27.8% vs. 9.1%, p \< 0.001).

-About Relative and Absolute anoxic time, see under « Table 1 « comments.

� Thank you for your comment. I changed the term as no flow and low flow as you recommended.

-Total anoxic time is not very relevant in the OHCA literature. It could be deleted.

� Thank you for your comment. I deleted the term "total anoxic time" as you recommended.

-High lactate level and low pH are NEVER associated with satisfactory neurological outcome... Please correct the sentence.

� Thank you for your comment. According to your comment, we changed the sentence as follow.

Lactate and creatinine levels were higher in the poor outcome group, and the serum pH level was lower in the poor outcome group.

-« Enhanced prediction accuracy... »

I don\'t understant what means the first paragraph of this section from « as mentioned above..to ... might be further enhanced ». Delete ?

� Thank you for your comments. I agree there were some confusing. I deleted the sentences as you recommended.

Discussion :

Main findings : ok

The importance of the prediction.. :

-Why not explain in the introduction the problem of WLST in Korea ? It justifies your work and give light on why you perform it.

� Thank you. Additionally mentioned to justified my work

-The discussion on age should be rewritten (see above about the misinterpretation of the age in the results)

�

Conclusion : Agree with.

What is your proposition of the best score combined with clinical examination ?

� Thank you for your comment. I added the following sentence in the Conclusion section.

Of those, the AUROC (0.913, 95% CI 0.875--0.942) was the highest when the CAHP score, FOUR_B and GCS_M were combined.

Table 1 :

-Please write clearly what is HTN, DM and CAD...

� Thank you for your comment. I edited as you recommended,

-Why using Relative and Absolute anoxic time ? Is it NF and LF ? It differs from the Materiel and Methods section. Please align.

� Thank you for your comment. I changed the term as no flow and low flow as you recommended.
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